INTRODUCTION
Conventionally, oil filled transformers are filled with mineral oil. Mineral oil has been successfully and widely applied in-service owing to its excellent electrical properties. However, there are several drawbacks of mineral oil such as it is non-biodegradable, has low flash point, non-renewable and could cause serious issue if there is a spillage. Therefore, alternative fluid for mineral oil are currently being examined and one of the options is vegetable oil [1] .
Among the most common vegetable oil for transformers application is natural ester. Natural ester is a seed based oil and its structure is consist of fatty acid ester triglycerides as shown in Figure 1 [2] .These acids are linear chains 14-22 carbons long containing zero to three double bonds [2] . Natural ester has also been successfully applied in-service from small to medium transformers up to 66 kV voltage level [3] . Another type of vegetable oil that has almost the same characteristics as natural ester is palm based oil. Palm based oil can be extracted from palm nut which consists of hard seed known as kernel and covered by a shell known as endocarp which is surrounded by flush husk known as mesocarp [4] .Crude Palm Oil (CPO) can be extracted from the mesocarp while Palm Kernel Oil (PKO) extracted from the kernel [4] .Through further processing, the CPO can be further refined to Refined, Bleached and Deodorized Palm Oil (RBDPO) or RBDPO Olein [5] , [6] . PKO could also be synthesized to become PKO Alkyl Ester [7] - [10] . Another type of palm based oil is obtained through synthesizing the palm fatty acid ester [11] , [12] .
A few studies on different aspects and types of palm based oil were carried out previously to examine its feasibility as dielectric insulating fluid in transformers. In term of electrical properties, the AC breakdown voltage except for CPO of palm based oil is comparable to other types of vegetable oil such as natural ester [2] , [8] - [18] .Other electrical properties of palm based oil such as dissipation factor and relative permittivity are also almost close to natural ester [2] , [8] - [18] . In term of physical and chemical properties, the performances of a few types of palm based oil are almost comparable to natural ester [2] , [8] - [18] .
In this paper, a study on the AC breakdown voltage performance RBDPO Olein is carried out. The effect of preprocessing procedure on the AC breakdown voltage of palm oils is examined.
II. EXPERIMENTAL DESCRIPTION

A. Test Samples
The palm oil samples were obtained from readily available cooking oil products in the market. All palm oils are RBDPO (Refined, Bleached and Deodorized Palm Oil) type. The characteristics of these oils can be seen in Table 1 . POD exhibit the highest content of vitamin E followed by POC, POB and POA. On the other hand, POA has the highest content of mono-unsaturated fat followed by POC and POD. POD has the highest content of poly-unsaturated fat followed by POA, POB and POC. In order to study the effect of processing, the samples were dried in an air circulating oven to remove moisture at 85°C for 2 days. Next, the samples were allowed to rest at ambient temperature before the AC breakdown voltage test was carried out. In this paper, the un-processed samples was defined as "as-received" while for the dried samples, it was defined as "dried".
B. Test method for the AC breakdown test
The AC breakdown voltage test was carried out according to ASTM D1816 at ambient temperature by using BAUR DPA75. VDE electrode with a diameter of 36 mm facing at each other at a gap distance of 1 mm was used in the test [20] , [21] as shown in Figure 2 . This configuration represents the quasi-uniform field which is mainly relevant to insulation structure in transformers. Through further analysis, the information from AC breakdown voltage test under the configuration could help with the designing transformers. The volume of the oil in the test container is around 400ml and the voltage ramping rate was set to 0.5 kV/s. The time interval between each breakdown was set to 5 minutes. In total, about 50 measurements were taken for analysis. The average is taken from 50 breakdown voltages. Figure 3 shows that the scattering of breakdown data for POA ranged from 16kV to 43kV before being dried and from 26kV to 46kV after drying. Meanwhile for "as-received" POB, the breakdown data scattered around 13kV to 30kV and 27kV to 43kV after being dried. POC shows the variation data from 14kV to 34kV while for "dried" samples is from 23kV to 43kV. Figure 6 shows narrow range of scattered data for "asreceived" POD which is from 12kV to 25kV while for "dried" POD is from 14kV to 45kV. 
III. RESULTS AND DISCUSSION
A. Distribution of AC breakdown voltage data for "asreceived" and "dried" samples
B. Analysis of "as-received" and "dried" samples
The AC breakdown voltage for "as-received" samples can be seen in Table II . The highest AC breakdown voltage recorded was for sample POA followed by POC, POB and POD. Overall, the standard deviation and coefficient of variation of all samples are satisfactory. It is noted that for POA, the standard deviation and coefficient of variation is slightly higher compared to POB, POC and POD. Table III shows the AC breakdown voltage for "dried" samples. POA has the highest AC breakdown voltage followed by POB, POD and POC. It is obviously shown that the standard deviation for all samples increased after drying procedure. On the other hand, it is observed that there is a significant improvement of coefficient of all samples. It shows that by removing water through drying process, the variation of AC breakdown voltage could be improved. After the samples being dried, the coefficient of variation decreased around 30% to 43%. POA demonstrated the largest improvement for coefficient of variation after drying compared to others. The reason for the higher variation data of AC breakdown voltage for POD could probably be due to presence of water which is known could affect the AC breakdown voltage. Figure 4 shows the AC breakdown strength of all "asreceived" and "dried" samples. There is a significant effect of drying on the AC breakdown voltage where the percentage of increment is between 41% to 103%. It is expected since it is well known that the drying procedure could help to remove moisture in the oil. 
IV. CONCLUSION
A study on the AC breakdown voltage of RBDPO Olein shows that it is feasible for application in transformers. The AC breakdown voltage of un-processed palm oil is quite low, however after drying, it is comparable to other types of vegetable oils such as natural ester. The drying process significantly helps to improve the AC breakdown voltage performance of RBDPO. There is no clear relationship between, fat contents, vitamin E and AC breakdown voltage. Further investigations will be carried out in the future to improve the AC breakdown voltage of palm based oil.
